People with brain injuries involving the amygdala are often poor at recognizing facial expressions of fear, but the extent to which this impairment compromises other signals of the emotion of fear has not been clearly established. We investigated N.M., a person with bilateral amygdala damage and a left thalamic lesion, who was impaired at recognizing fear from facial expressions. N.M. showed an equivalent de¢cit a¡ecting fear recognition from body postures and emotional sounds. His de¢cit of fear recognition was not linked to evidence of any problem in recognizing anger (a common feature in other reports), but for his everyday experience of emotion N.M. reported reduced anger and fear compared with neurologically normal controls. These ¢ndings show a speci¢c de¢cit compromising the recognition of the emotion of fear from a wide range of social signals, and suggest a possible relationship of this type of impairment with alterations of emotional experience.
INTRODUCTION
Neuropsychological studies have shown that people with brain injuries involving the amygdala are often poor at recognizing facial expressions of fear (Adolphs et al. 1994 (Adolphs et al. , 1995 (Adolphs et al. , 1999a Broks et al. 1998; Calder et al. 1996; Weniger et al. 1997) . The importance of the amygdala for recognizing fear has also been demonstrated by functional imaging studies showing an amygdala response to fearful facial expressions (Breiter et al. 1996; Morris et al. 1996 Morris et al. , 1998 Phillips et al. 1997; Whalen et al. 1998) .
The neuropsychological ¢ndings often show di¡eren-tially severe impairment of fear recognition after amygdala damage, but it is seldom only fear that is a¡ected. Most studies report some degree of impaired recognition of other negative emotions, of which de¢cits in recognizing anger are the most consistently noted (Adolphs et al. 1994 (Adolphs et al. , 1995 (Adolphs et al. , 1999a Calder et al. 1996) .
These ¢ndings indicate that the amygdala is involved in recognizing fear, but the extent to which this involvement is restricted to facial expressions of fear or applies to other social signals of the emotion of fear has not been clearly established, since most studies have only involved facial expressions. In functional imaging research, the single published study which has investigated vocal as well as facial expressions found that the amygdala also responded to fearful sounds (screams, etc.) (Phillips et al. 1998) . In neuropsychological research, only two individuals with impaired recognition of facial expressions of fear following amygdala damage have also been tested for their recognition of vocal expressions; one of these had parallel impairments of facial and vocal recognition (Scott et al. 1997 ), but the other was able to recognize vocal expressions (Anderson & Phelps 1998) .
We report here the results of detailed investigation of the recognition of emotion by a person (N.M.) with a di¡erentially severe impairment of recognition of fear from facial expressions. The question addressed was whether someone who is poor at recognizing facial expressions of fear would show an equivalent de¢cit a¡ecting other visual and auditory signals of the same emotion. In addition to studying N.M.'s recognition of facial expressions, we investigated the recognition of emotion from non-facial visual signals by using body postures, and from the auditory modality by using emotional sounds (screams, laughter, etc.) . N.M.'s experience of negative emotions was also assessed using standard questionnaires.
CASE DESCRIPTION
N.M. is a 50-year-old right-handed male with no previous history of treatment for neurological or psychiatric disorders. He has been employed with a large German company as a salesman, working for the last few years mainly in China. On a long-distance £ight in April 1999, he suddenly experienced di¤culties in coordinating movements of his right leg, leading to gait abnormalities. He also had mild motor disturbances and paraesthesia of the right hand and forearm. In addition, he reported a mild form of dysarthria (slurred speech). However, from his reports there was no indication of de¢cits in cognitive functioning. Three days later, he returned to Germany without recovery of symptoms and was referred on the same day to the university neurological clinic in Bochum.
At the time of admittance, neurological examination showed a mild right-sided hemiparesis and a severe disturbance of right-sided sensory functions, particularly for position sense, which caused a severe sensory hemiataxia. Further, N.M. presented with a slight dysarthria.
Vascular risk factors were arterial hypertension, hypercholesterolaemia, diabetes and smoking. Doppler ultrasound and magnetic resonance angiography demonstrated no stenosis or occlusion of the extra-and intracranial brain-supplying vessels and electroencephalography showed a normal alpha-rhythm. Ophthalmological investigations revealed mild signs of a diabetic retinopathy. However, as can be seen from the results of neuropsychological tests presented later, N.M.'s performance on a number of visual tests was unimpaired, indicating that there was no visual dysfunction per se which could interfere with visually presented emotion recognition tests.
Inspection of the magnetic resonance image (MRI) showed an oval infarction zone covering the left lateral thalamus (ca. 1.0 cmÂ 0.5 cm) and the medial third of the posterior part of the internal capsule (¢gure 1) and a lacunar infarction of the right peduncle of the cerebellum. These were both considered recent infarctions. Furthermore, the MRI demonstrated bilateral gliosis in the region of the amygdala, more pronounced on the right than the left. These regions appeared hypointense in the T1-weighted imaging and hyperintense in the T2-weighted and £air imaging. From the clinical observations, it was thought likely that the left thalamic lesion was the immediate cause of N.M.'s speech and right side movement problems, and that the amygdala lesions represented pre-existing injuries that had not caused him to seek medical attention.
In May 1999, N.M. was referred to a rehabilitation clinic. The neurological examination at that time showed improved sensory function, and full recovery from dysarthria and hemiataxia.
(a) Neuropsychological background tests
The MRI ¢ndings of amygdala and thalamus lesions suggested that investigation of N.M.'s ability to recognize emotion would be useful, and a single-case study was carried out. functioning and memory, as well as visuoperceptual abilities.
Intelligence was measured using a short version of the WAIS (WIP) (Dahl 1986) , involving the information, similarities, picture completion and block design subtests. On this test, N.M. showed an above average IQ of 109. Attention was tested with the WMS-R`digit span forward' subtest. As shown in table 1, performance on this task was impaired in comparison with the published norms. To measure frontal lobe functioning a verbal £uency task (letters B, F, L for 1min each) was given. On this task, N.M. reached a total score of 30, which was well within the normal range. Verbal memory was tested with a German version of the WMS-R`logical memory', and visual memory functioning was assessed with the delayed reproduction of the Rey^Osterrieth ¢gure. Memory for faces was tested with the faces subtest of the Recognition Memory Test (RMT) (Warrington 1984) . On all three memory tests, the performance of N.M. was unimpaired according to the tests' norms.
The Visual Object and Space Perception Battery (VOSP) (Warrington & James 1991) , the Vision Contrast Test System (VISTECH VCTS 6000), the ReyÔ sterrieth ¢gure-copying task, and the Benton facial recognition test (Benton et al. 1983) were administered to asses basic as well as higher visuoperceptual abilities. Results from these tests were in a range considered as normal, indicating unimpaired visuoperceptual functions.
In summary, at the time of testing there was only a de¢cit on forward digit spanöall other scores of the neuropsychological background tests were within the normal range. Importantly, there were no detectable de¢-cits on tests of visuoperceptual abilities.
(b) Recognition of emotion
Because of the particular focus of our study on the recognition of emotion in the visual and auditory modalities, we sought to establish that N.M. would not fail such tasks because he was unable to understand the meanings of verbal emotion terms. He was therefore tested for his comprehension of emotion terms, and proved able to understand the labels used. with vocally expressed emotion we employed a test of vocal expression recognition used previously in a singlecase study (Scott et al. 1997) . Finally, we sought to explore N.M.'s experience of emotion with standard questionnaires and an interview concerning his experiences of fear in everyday life.
(c) Facial expressions
The two facial expression recognition tests we used involved faces from the Ekman & Friesen (1976) series and an emotion hexagon of computer-manipulated expressions.
N.M.'s performance on tasks of facial expression recognition was compared with the performance of a group of 35 healthy adults serving as controls. These control subjects had no history of neurological or psychiatric disorders and a mean age of 48.9 years (s.d. 14.1). We converted N.M.'s raw scores for recognition of each emotion into z-scores expressing by how many standard deviations it lay above or below the appropriate control mean. Since our main focus of interest was in impairments of emotion recognition, we then used one-tailed probabilities to explore whether N.M.'s performance fell below the control mean.
(i) Ekman and Friesen faces
Photographs of the faces of ten people (six female, four male) were taken from the Ekman & Friesen (1976) series. For each face, there were poses corresponding to each of six emotions (happiness, surprise, fear, sadness, disgust and anger), giving a total of 60 images. These were shown on a computer screen one at a time in pseudorandom order, for unlimited presentation time, and N.M. was asked to decide which of the emotion names (happiness, surprise, fear, sadness, disgust or anger) best described the facial expression shown. The names of the six emotions were printed on a card, and this was available throughout the test. There were 60 trials, leading to an accuracy score out of a possible maximum of ten for each of the six emotions. The performance of N.M. was compared with the performance of the control group described above. Table 2 shows that N.M. performed less well than controls in recognition of fear (z 72.71, p 5 0.01) and sadness (z 71.88, p 5 0.05).
(ii) Emotion hexagon
As a further test of facial expression recognition, we used an emotion hexagon taken from previous work Sprengelmeyer et al. 1996 Sprengelmeyer et al. , 1997 . This used photographic-quality continua of morphed images of a face from the Ekman & Friesen (1976) series, prepared by blending between prototype expressions. These morphed faces were presented one at a time on a computer screen, for 5 s each, in pseudorandom order. The subject's task was to decide whether the image presented was most like happiness, surprise, fear, sadness, disgust or anger. Responses were made verbally, with the names of the six possible emotions being printed on a card which could be consulted throughout the test. No feedback was given as to the appropriateness of any responses.
Full details of the procedure and photographs of the stimuli are given elsewhere Sprengelmeyer et al. 1996 Sprengelmeyer et al. , 1997 . The test can be used to derive scores out of a possible maximum of 20 correct for recognition of each emotion. The performance of N.M. was compared with the performance of 35 age-matched controls, as shown in table 2.
N.M. showed a signi¢cant de¢cit in fear recognition (z 72.44, p 5 0.01). In both facial expression tasks, fear was mainly misinterpreted as disgust.
(d) Emotional postures
In addition to facial expression recognition, we were particularly interested in whether N.M. was able to recognize emotional postures. For this purpose we used a set of photographs of a female and a male actor who were each asked to produce several di¡erent postures expressing happiness, surprise, fear, sadness, disgust and anger. To prevent the use of facial expressions, the actors' faces were masked.
From a larger set of photographs, we selected ten postures for each emotion, giving a total of 60 photographs. The photographs were shown one at a time in pseudorandom order, for unlimited presentation time. Subjects were asked to decide which of the emotion names (happiness, surprise, fear, sadness, disgust or anger) best described the postural expression shown. For each emotion one example was shown for practice.
The performance of N.M. was compared with the performance of ten control subjects (mean age 53.1 years, s.d. 7.0), as shown in table 2. N.M was signi¢cantly impaired at recognizing fear (z 72.36, p 5 0.01).
(e) Vocal expressions
To assess recognition of emotional vocal expressions a set of emotional sounds was used. The test (taken from Scott et al. 1997 ) consisted of 120 tape-recorded stimuli (20 for each emotion), which were generated by two speakers (one male and one female) who were asked to produce a range of non-verbal sounds corresponding to happiness, sadness, anger, fear, disgust and surprise. The sounds included growls for anger, screams for fear, laughter for happiness, sobbing for sadness, gasping for surprise and retching for disgust.
The sounds were presented one at a time in pseudorandom order. The subject's task was to decide whether the sound presented was most like happiness, surprise, fear, sadness, disgust or anger. Responses were made verbally, with the names of the six possible emotions being printed on a card which could be consulted throughout the test. No feedback was given as to the appropriateness of any responses.
The performance of N.M. was then compared with the performance of 12 healthy controls (mean age 57.2 years, s.d. 3.9). As can be seen from table 2, N.M. was impaired in recognizing vocal expressions of fear (z 72.88, p 5 0.01).
(f) Emotional experience
Standard questionnaires were used to examine selfassessed emotion for anger, fear and disgust. The anger scale (Novaco 1975 ) asks you to rate situations on a ¢ve-point scale for the extent to which they would make you angry. We used the ¢rst 40 items from this 80-item questionnaire. The fear schedule (Wolpe & Lang 1964 ) also uses a ¢ve-point scale for rating things and experiences that may cause fear or other unpleasant feelings; we used all 75 items and sub-items. The disgust scale (Haidt et al. 1994) has 32 items, all of which were used.
Results from the three emotion questionnaires are summarized in table 3, which gives N.M.'s raw scores, and z-scores expressing how many standard deviations these lie below or above the control mean. Scoring procedures and control data come from Sprengelmeyer et al. (1996) . As is shown in table 3, N.M. did not di¡er signi¢cantly from controls on the disgust questionnaire, but there were signi¢cant di¡erences for anger (z 71.96, p 5 0.05) and fear (z 71.72, p 5 0.05) indicating that situations which evoke anger and fear in controls do not do so in N.M.
When asked about the occurrence of fear and anger in everyday situations, N.M. reported that he rarely experienced these emotions, although his life, he considered, has been more exciting than the life of an average person.
For most of his adult life, N.M. has lived in several foreign countries in North and South America and Asia, working for di¡erent companies as a salesman. While working in the United States he voluntarily underwent a training as a policemen to`pep up' his otherwise boring stay in that country. He was also passionately fond of hunting in extreme situations, e.g. hunting Jaguars at the upper course of the Orinoco river, or hunting deer in Siberia while hanging on a rope under a helicopter. In these kind of situations, he said that he always experienced excitement but never fear. The only occasion on which he remembered experiencing fear was 20 years ago during a revolution in a South American country when his doorbell rang at ¢ve o'clock in the morning, after he had been reading left-wing pamphlets in public and closely observed by the security police the day before. He stated that he adopted an`Eastern philosophy' approach to life, and was able to cope with di¤cult and frustrating situations without becoming angry.
DISCUSSION
N.M. showed a consistent de¢cit of fear recognition across tests of recognition of emotion from facial expressions, body postures, and non-verbal sounds. In every test we administered he was impaired at recognizing fear, and for three of the four tests used it was only fear recognition that was impaired. The exception was with facial expressions from the Ekman & Friesen (1976) series, for which N.M. was most impaired for fear but also showed signi¢cant di¤culty in recognizing sadness. However, problems in recognizing sadness were not noted in any other test, and N.M.'s recognition of emotions other than fear was usually goodöoften lying close to or well above the control mean.
N.M.'s de¢cit of fear recognition was more selective than has usually been reported after amygdala damage, with little evidence of any problem in recognizing anger (a common feature in other reports). However, when given questionnaires concerning his everyday experience of emotion, N.M. reported reduced anger and fear compared with neurologically normal controls. These ¢ndings were backed up by N.M.'s reduced levels of fear and anger in everyday situations. He indulged in highly dangerous activities without fear, and he was able to work as a salesman under the di¤cult conditions created by severe and arbitrary bureaucracies without becoming angry. Such observations concerning N.M.'s emotional experience indicate a link between anger, fear and processes involving the human amygdala.
There were some noteworthy neurological features of N.M.'s case. His presenting symptoms of speech and movement di¤culties were due to a left thalamic lesion, but MRI revealed what were considered most likely to be pre-existing amygdala lesions of unknown origin, larger on the right than the left.
This unusual neurology is of interest because, from his interview, it seems likely that reduced experience of fear had been a longstanding feature of N.M.'s life, but we do not know whether his impaired recognition of fear was equally long standing (and therefore likely due to the amygdala pathology) or more recently acquiredö perhaps as a result of the combination of amygdala and thalamus lesions.
The most widely adopted interpretation of ¢ndings of impaired recognition of fear and anger after amygdala damage has been that they re£ect involvement of the amygdala in the evaluation of stimuli related to danger and physical threat (Adolphs et al. 1999b; Scott et al. 1997 ). An attractive aspect of this hypothesis is that it links to extensive neurophysiological evidence of the amygdala's involvement in the evaluation of danger and the emotion of fear (LeDoux 1995) . An important aspect of LeDoux's conception is that it involves slow (cortical) and fast (thalamoamygdalar) routes for the transmission of emotional information, with the thalamoamygdalar route being involved in the rapid mobilization of responses in potentially dangerous situations. From this standpoint, N.M.'s combination of a small left-sided amygdala lesion with a larger thalamic lesion may have created a critical disruption of the fast pathway. Further studies of individuals with
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Proc. R. Soc. Lond. B (1999) Table 3 . Self-assessed emotion on questionnaires involving anger (Novaco 1975) , fear (Wolpe & Lang 1964) and disgust (Haidt et al. 1994) restricted thalamic pathologies could be used to investigate this possibility. The main sources of evidence concerning the contributions of the human amygdala to emotion recognition are functional imaging and single-case studies of people with selective brain injuries. As we noted, the functional MRI evidence points to involvement of the amygdala in the recognition of vocally as well as facially expressed emotion (Phillips et al.1998) . Although the two previous neuropsychological case studies gave discrepant results (Anderson & Phelps 1998; Scott et al. 1997) , the data presented here for case N.M. con¢rm the existence of speci¢c de¢cits compromising the recognition of the emotion of fear from a wide range of social signals, and suggest that the relationship of this type of impairment with alterations of emotional experience needs to be further explored.
